Promote Prutect Prosper

Department of Health and Environmental Control

SOUTH CAROLINA
RISK-BASED CORRECTIVE ACTION
FOR
PETROLEUM RELEASES

Bureau of Land and Waste M anagement
Underground Storage Tank Program
2600 Bull Street, Columbia, South Carolina 29201
Phone (803) 898-4350 Fax (803) 898-4330

May 15, 2001



Table of Contents

LIST OF TERMSUSED IN THISDOCUMENT ..ottt sttt st i
|. RISK-BASED DECISION MAKING FOR PETROLEUM RELEASES..........cociirreeere e 1
I1. RISK-BASED CORRECTIVE ACTION PROCEDURES .........ccocoiiiininiesie et 6
STEP 1 - SITE ASSESSMENT ...ttt ettt bbbt ne s 6
STEP 2 - SITE PRIORITY CLASSIFICATION ...coiiiiiteiieetieeeiesiesiesteste e siessessesseeseesaessessessessessessessessens 9
STEP 3 - TIER L EVALUATION ..ottt sttt sttt sttt b s s enes 10

1) CompariSONWITNIRBSL.........oiiiiieeee ettt st b et e e e nbeetesaeesreenee e 10

2) Site Conceptua EXPOSUrE MOUEL........cc.eciieieecieie ettt ae e e sneenesneennens 11

3) ldentify Data REQUITEIMENTS.........eiiiiiieiieie ettt st beeeesseesbeeseesseesseensesneeneas 12
STEP 4 - TIER L ACTION ....ctiittite sttt ettt st be ettt s e te b e b bt be bt s e et e s e nbesbesbesbeenenneeneenes 13
) I NN (ol U1 07 g o (o o OSSP 13

P2 L = 1= (07 070,20 AN 1o TSRS 13

3) THEN T ASSESIITNIENL.......eitieieiie sttt ettt e et et e e e s st e s beeseesseesbeenbeeseesbeenbesreesbeensesneeneas 13
STEPS5 - TIER 1T ASSESSMENT ...ttt sttt bbbt enes 18
STEP 6 - TIER 2 EVALUATION ... .ottt sie ettt st besse s sseeseessensestessessessessenseeneenes 18

1) Establish the eXPOSUIE POIML(S) ......eeiveereereerreeieseesreeieseesteesaesreesseesaesseesseesesseesseesessessseesessnesseensenns 18

2) Egtablish PoINt(S) Of COMPIIBINCE.........oiieieiieieeieeeesee et n e e e ne s 19

3) ESADIISNTNE SSTL ... ettt ettt bbbt 21

S I = A I I 2 N O I S 22
STEP 8- TIER I ASSESSMENT ..ottt sttt sn e b et enes 22
STEP O - TIER 3EVALUATION ... .ottt ste ettt te st bessessessesseessensessessessessessensesseenes 23
STEP 10 - TIER SACTION ...ttt sttt sttt sb e b e b bt st e e b e nbesbenbenbeenenneeneenes 23
1) Monitored Natural Attenuation (MNA) ACHON........ccciiiiieeie e 23

2) ACHVE COIECHIVE ACHION. ....cueeieeeieeeeste e eee st et e see s e eeesseesseeaesseesseestesseesseenseaseesseessesseesseensessenssens 23
STEP 11 - CORRECTIVE ACTION (ACTIVE OR MNA)....cutieeere ettt eneenes 23
STEP 12 - VERIFICATION MONITORING FOR MONITORED NATURAL ATTENUATION. ......... 23
STEP 13- NO FURTHER ACTION DECISIONS........ccotiiiieieiesie e eneens 24



APPENDIX A
RBCA Site Priority Classfication Sysem

APPENDIX B
Risk Based Screening Level Look-Up Tables

APPENDIX C
Leachability Modd for Petroleum Contaminated Soils

APPENDIX D
Domenico’'s Modd
SSTL Cdculaions

APPENDIX E
Vapor Model

APPENDIX F
Remediation by Natura Attenuation Mode

APPENDIX G

References

Bl

C1

Al

D1
D5

F1

Gl



LIST OF TERMSUSED IN THISDOCUMENT

Abatement - Actions taken to mitigate fire and safety hazards and to prevent further migration of hydrocarbons in their
vapor, dissolved, or liquid phase.

Active Remediation - Physical actions taken to reduce the concentration of CoCs to acceptable levels.

Attenuation - The reduction in concentration of CoCs in the environment with distance and time due to processes that
include, but are not limited to, diffusion, disperdon, and absorption.

Chemical of Concern (CoC) - A specific constituent that is identified for evaluation in the risk assessment process.
Compliance Point (CP) — see Point(s) of Compliance below.

Compliance Point Concentration (CPC) - The maximum concentration alowable at the point of compliance in order to
protect the exposure point.

Corrective Action - A subset of site rehabilitation activities conducted to protect human health, safety, and the
environment. These activities include recovery of free-product, evaluating risks, evauating and implementing monitored
natura attenuation, making no further action decisions, implementing ingtitutiona controls, active remediation, designing
and operating cleanup systems and equipment, and monitoring of progress.

Corrective Action Plan (CAP) - A document outlining proposed corrective actions.
Department - The South Carolina Department of Health and Environmental Control.

Direct Exposure Pathway - An exposure pathway where the point of exposure is at the source without a release to
any other medium (for example, inhaation of vapors or dermal contact with free product).

Engineering Controls — Manmade modifications to a Site to reduce or eliminate the potentia for exposure to a CoC,
such as capping or ingtaling awater treatment system on awell.

Engineering Report (ER) - A document outlining the design and specifications of a corrective action system.

Exposure - Contact of a receptor(s) with CoC(s). Exposure is quantified as the amount of CoC available at the
exchange boundaries, such as skin or lungs, and available for absorption by the human body.

Exposure Assessment - The determination or estimation, qualitative or quantitative, of the magnitude, frequency,
duration, and route of exposure.

Exposure Pathway - The course CoCs travel from the source area(s) to a receptor. A complete exposure pathway
includes a source or release from a source, an exposure point, and an exposure route. If the exposure point differs
from the source, a transport/exposure medium (e.g., ground water) is included.

Exposure Point - The point at which it is assumed that a receptor, either potential or actua, can come into contact,
either now or in the future, with the CoC. Maximum contaminant levels or other existing water quality standards must
be met at the exposure point.

Exposure Route - The manner in which CoCs come in contact with an organism (i.e., ingestion, inhalation, dermal
contact).



Gas Chromatograph (GC) - An instrument used to determine the levels of CoCs in a vapor, soil or ground water
sample.

Initial Ground Water Assessment (IGWA) — An assessment to determine soil and ground water CoCs by the
ingtalation of one monitoring well.

Indirect Exposure Pathways - An exposure pathway with at |east one intermediate release to any media between the
source and the point of exposure (e.g., leaching of CoCs from soil to ground water).

Institutional Controls - The restriction on use or access (e.g., existing deed restrictions, restrictive zoning and conditions
listed in the registry of releases) to asite or facility to eliminate or minimize potentia exposure to CoCs.

Maximum Contaminant Level (MCL) - A standard for drinking water established by the USEPA under the Safe
Drinking Water Act. The MCL is the maximum permissible level of CoC in water that is used as a drinking water

upply.

Monitored Natura Attenuation (MNA) - The verifiable reduction of CoC through naturally occurring microbia activity
or attenuation mechanisms.

Operator — An entity as defined in Section 44-2-20(10) of the State Underground Petroleum Environmental Response
Bank Act.

Organic Vapor Anayzer (OVA) - A field instrument used to measure the organic vapors present in a sample of soil or
ground water. A Photo lonization Detector (PID) is atype of OVA.

Owner — An entity as defined in Section 44-2-20(12) of the State Underground Petroleum Response Bank Act.

Point(s) of Compliance - A location(s) selected between the source area and the exposure point(s) where CoCs must
be at or below the determined target levels (CPC) in the specified media (e.g., soil, ground water, air).

Point(s) of Verification - A location(s) selected for monitoring to verify a decrease in a CoC as aresult of corrective
action.

Reasonably Anticipated Future Use - Future land use which can be predicted given current use, local government
planning, and zoning.

Receptors - Persons, structures, utilities, surface water bodies, sensitive habitats, water supply wells, or any living
organisms that are, or may be, affected by arelease.

Representative Concentration:
In Air - The maximum CoC concentration obtained during the most recent sampling event.
In Groundwater - The maximum CoC concentration obtained during the most recent sampling event.
In Sail - The maximum CoC concentration obtained during the most recent sampling event for the
ingestion and dermal contact pathways. For the soil reaching groundwater pathway, the average of up to

two soil samples with the highest non-zero concentrations from each source area will be used to compare
with the screening levels.



Risk Assessment - An analysis of the potentia for adverse health effects caused by CoC to determine the need for
corrective action. Also used to develop target levels or cleanup goals if corrective action is required.

Risk Reduction - The lowering or elimination of the level of risk posed to human health or the environment through
initid response actions, corrective actions, or ingtitutiona or engineering controls.

Risk-Based Screening Level (RBSL) - Risk based action level for a CoC based on a 10°° target risk. RBSLs are not
site-specific.

Separation Distance — The vertical distance between the depth of worst case soil contamination and the depth to the
top of the water table.

Site Assessment - The collection of data on ground-water quality and potential receptors, subsurface geology,
hydrology, and site characteristics to determine the extent of the migration of the CoCs and action levels of the CoCs
to support remedia action decisions.

Site Classification - A quditative evaluation of a Site based on known or readily available information. Associated with
Site classifications are initial response actions that are to be implemented simultaneously with the RBCA process. Sites
are re-classified as actions are taken to resolve concerns or as additional information becomes available.

Sensitive Habitat - Fresh and salt-water fisheries, fish habitats including shellfish areas, coastal and inland wetlands,
and habitats of threatened or endangered species.

Site-Specific Target Level (SSTL) - Risk-based corrective action target level for a CoC developed for a particular site
under the Tier 2 and Tier 3 evaluations.

Source Area - Either the location of free-phase hydrocarbons or the location of the highest concentration of the CoC in
soil, vapor, or groundwater.

Tier | Assessment — Previously known as a Standard Limited Assessment (SLA). A defined scope of work, consisting
of three monitoring wells and eight soil borings, to determine soil and groundwater contamination, hydraulic properties
and risk.

Tier 1 Evaluation - A risk-based analysis where non-site-specific values based on conservative exposure factors
(RBSL), potential exposure pathways, and land use are evaluated to determine appropriate actions. An Initid Ground-
Water Assessment, Tier | Assessment, or Tier [ Assessment may include a Tier 1 Evauation for soil and ground
water, if not previoudy completed.

Tier 11 Assessment — Previously known as a Rapid Assessment (RA). A scope of work proposed by a certified site
rehabilitation contractor, consisting of established tasks/components in order to provide a comprehensive risk-based
assessment of soil and ground water contamination, hydraulic properties and risk.

Tier 2 Evaluation - A risk-based andysis applying the RBSL at the exposure point, development of SSTLs for potentia
indirect exposure pathways based on site-specific conditions, and establishment of point(s) of compliance. A Tier |
Assessment or Tier 11 Assessment may include a Tier 2 Evauation for vapor, soil, and ground water, if not previousy
completed.

Tier Il Assessment — A scope of work proposed by a certified site rehabilitation contractor, consisting of established
tasks/components in order to further refine the site specific target levels for potential and indirect exposure pathways



established from a previoudy completed Tier 1| Assessment. A Tier [11 Assessment would typically incorporate a
more sophisticated fate and transport modedl. Additional monitoring point(s) to further define the geological conditions
or collect additional data may aso be needed to refine other naturally occurring conditions at the facility or receptor(s).

Tier 3 Evaluation - A risk-based analysis to develop values for potential direct and indirect exposure pathways at the
exposure point based on site-specific conditions. A Tier 1| Assessment may include a Tier 3 Evauation for vapor, soil,
and ground water.

The following table gives a comparison of the three tier evaluations:
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Tierl Tier 2 Tier3
Evaluation Evaluation Evaluation
Screening Levels RBSLs RBSLs/SSTLs RBSLs/SSTLs
Representative Concentrations - Air Maximum CoC Maximum CoC Maximum CoC
concentrations concentrations concentrations
Representative Ingestion, Maximum CoC Maximum CoC Maximum CoC
Concentrations - Soil Inhalation & concentrations concentrations concentrations
Dermal Contact
L eachate Maximum Concentration or | Average of two samples Average of two samples

average of samples

Representative Concentrations - Water Maximum CoC Maximum CoC Maximum CoC
concentrations concentrations concentrations

Target Risk 1x10° 1x10° 1x10° or as approved

Hazard Quotient 1 1 1 or as approved

Exposure Factors Not Applicable Not Applicable Default or Site-specific

Fate & Transport Not Applicable Domenico or equivalent Numerical Models

L eachate Not Applicable L eachability Model L eachability or other

Air Not Applicable Vapor Models Vapor Models

Main Steps Compare RBSLs, Site Establish: Exposure Points, | Further refine SSTLs based

Conceptual Exposure

Points of Compliance and

on additional data &

Model, Receptors, Data SSTLs modeling
reguirements
L ocations where RBSL s are applied Source Area(s) Exposure Point(s) Exposure Point(s)
Data Collection Source Area Complete Plume Delineation | Detailed site-specific

Characterization

bi odegradation study

Outcome of Evaluation

NFA, Tier 2 Evaluation,
Emergency Action

NFA, CNFA, Corrective
Action,
Tier 3 Evaluation

CNFA, NFA, Corrective
Action

vii



I. RISK-BASED DECISION MAKING FOR PETROLEUM RELEASES

The following technicd criteria are provided to assst Underground Storage Tank (UST) owners or operators
and their contractors and the agency in making risk-based decisons concerning corrective action for releases of
petroleum and petroleum products. Where risk-based decison making is incorporated into the corrective action
process, the result is called risk-based corrective action (RBCA). The RBCA decision process takes into account the
current and potentia future risk posed by releases. The risk is defined by using Site-specific data concerning receptors,
exposure potentid; dte hydrogeology; and the type, amount, and toxicity of the Chemicas of Concern (CoCs). Ensuring
that corrective actions are protective of human health and the environment is the objective of the risk-based approach.

This guidance document should be used to augment the requirements of the SUPERB Site Rehabilitation and
Fund Access Regulation (R.61-98). It specifically outlines the process of evaduating the risk of direct and indirect
exposure for each CoC due to ingestion, inhdation, derma contact and accumulation of explosive vapor leves in
buildings, structures, or utilities. This document outlines a three-tiered gpproach for evaduation of a petroleum release
integrating risk assessment, risk management, Site assessment, monitoring, and corrective action selection for petroleum
releases specific to South Carolina. Figure 1 shows a flow chart of the SCRBCA process. For additiona understanding
on thistopic, please see the references listed in Appendix G.

In response to releases from USTS, owners or operators must take certain initid steps. prevent further releases,
control fire and explosion hazards, and remove free product pursuant to the UST Control Regulations, R.61-92.
Investigation plans, RBCA evauation reports, Corrective Action Plans, and Engineering Reports must be approved by
the Department, as necessary and in accordance with gpplicable guidance and regulaions. All Ste rehabilitation activities
related to UST releases must be performed by a SCDHEC certified Ste rehabilitation contractor as required by the
SUPERB Fund Access and Site Rehabilitation Regulations, R.61-98.
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1. RISK-BASED CORRECTIVE ACTION PROCEDURES

STEP1-SITE ASSESSMENT

The information necessary for determining if emergency action is gppropriate and for comparing
concentration of CoCsto the RBSL must be obtained. The Initial Ground-Water Assessment (IGWA) and Tier |
Asessment (former Standard Limited Assessment) guidance documents outline the minimum information
necessary for completion of soil and ground-water assessment and a Tier 1 risk evauation. In generd, the
information to be obtained during the Tier 1 evauation may include:

A review of higtorica records of site activities and past releases;

Quantification of the CoC. For petroleum releases, based on toxicity, mobility, persstence, and presence
in materia released, selected CoCs are:

For all gasoline, diesdl, ker osene: benzene, toluene, ethylbenzene, xylenes MTBE, PAH's (total
naphtha ene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)flouranthene, chrysene, and dibenz(a-
h)anthracene). EDB and lead will be investigated if tanks were in operation prior to 1991;

For used oil add: arsenic, barium, cadmium, chromium, lead, mercury, sdenium, and Slver;

Quantification of biologica indicator parameters such as dissolved oxygen, nitrate, ferrousiron and
aulfate. Table 1 gives selected parameters, suggested andytica methods and the reporting limits;

Location of primary source(s) of CoCs.
- USTS, product lines, dispensers, service bays, etc.;

Location of secondary source(s) of CoCs:
- free-product, soil with concentrations above RBSLS, €tc.;

Location of maximum concentration of CoCs in soil and ground water;

Determination of regiond or Ste-gpecific hydrogeologic conditions (e.g., depth to ground water, flow
direction, gradient, ambient ground water qudity, ground-water flow velocity);

Location of current and reasonable future receptors within 1,000 feet of the Ste. All drinking water wells
within aradius of 250 feet of the site shall be sampled for gppropriate CoCs;

Identification of potentia significant transport and exposure pathways. A complete exposure pathway
includes: 1) a source and mechanism for CoC release into the environment, 2) a transport medium (e.g.,
air, soil, ground water, vapor migration through soil and utilities) for the CoC to move from the source to
the receptor, 3) apoint of potential contact of the receptor with the medium (points of exposure such as
drinking water wells, surface water bodies), and 4) an exposure route or means for taking the CoC into
the body (e.g., ingestion, inhalation, derma contact);



Tablel

Andytical Methods and Reporting Limits for Selected Parameters

Soil Samples Water Samples
Product Parameters Andytical* Method Parameters Andytical* Method Detection
Method Detection Limit Method Limit
Gasoline BTEX 5035** with |1 ng/Kg BTEX 5030B** with 1 ny/L
Diesdl 8260B- 8260B-
Kerosene EDB 8011 0.02 ng/L
Tota Naphthalenes | 5035** with 5myKg MtBE 5030B**with 5nylL
8260B- 8260B-
Total Naphthalenes | 5030B** with 5my/lL
8260B-
Other PAHs 3550B** with | 66 ng/Kg Other PAHs 3510C** with 10 my/L
8270C, 8100, or 8270C, 8100, or
8310 8310
Biologica Ferrous Iron 3500D 1nyL
Indicator Parameters Nitrate 9056 or 9210 100 ny/L
Sulfate 9056 or 9038 100 ny/L
Dissolved Oxygen Feld 100 ny/L
M easurement
For Leaded |Total Lead 6010B or 7421 |5 ng/Kg Total Lead 7421 or 6010B 3nylL
Gasoline
ADD
For Waste or | Metals AA (7000 10 ny/Kg Metals AA(7000 series  |5ng/L
Used Ol series for Hg) for Ho)
ADD ICP (6010B) ICP (6010B)

Other PAHs include:

Metalsinclude:
AA-ICP;

Total Lead and EDB:

All Methods are SW-846 M ethods except M ethod 3500D for Ferrouslron
Please note that the UST Program does not allow equivalent methods for these VOC analyses.

Any equivalent EPA approved method that will achieve the same method detection limits can be substituted.
Other extraction methods may be used if the laboratory is certified for the extraction and determinative method.

Benzo(a)anthracene, Benzo(b)flouranthene, Benzo(k)flouranthene, Chrysene, Dibenz(a,h)anthracene
Arsenic, Barium, Cadmium, Chromium, Lead, Mercury, Selenium, Silver
Atomic Absorption - Inductively Coupled Plasma

Must be sampled if tanks were in operation prior to 1991.







Determination of current and reasonably anticipated future use of the property, ground water, surface water,
and sengditive habitats for the Site and adjacent properties. Use of property shall be determined based on
factors such as: zoning laws, comprehensive infrastructure such as trangportation and public utilities, Ste
location in relaion to urban, resdentia, commercid, indudtria, agricultural, and recreetiond aress,
Federd/State |land use designation; historical or recent development patterns; and location of wellhead
protection aress,

Documentetion, if available, of the changes in concentration of CoCs over time (i.e., Sable,
increasing, decreasing);

Documentation, if gppropriate, of concentration of CoCs measured at point(s) of exposure (e.g.,
concentration of CoCsin anearby drinking water well, vapor concentration of CoCsin nearby
utilities); and

Collection of ar or water quality samples, as gppropriate, from any receptor (well, underground
sructure, water body) that has a potentia of being impacted by virtue of its proximity to the source.

STEP2-SITE PRIORITY CLASS FICATION

Based on initid release information and subsequently upon completion of each tier evauation, the
release is classfied by DHEC into categories based on the current and projected degree of risk to human
hedlth and the environment. The highest priority classfication is for those releases that pose an emergency. The
second priority classfication isfor those releases that pose a Sgnificant near term (0 to 1 year) threst, the third
priority classfication isfor those releases where there isa short term (1 to 2 years) threet, the fourth priority
classfication isfor those releases where there isalong term (> 2 years) threat to human hedlth or the
environment. The fifth priority classfication is for releases that do not meet any of the characterigtics of the
earlier priorities, or where there is no current demonstrable threat to human hedlth or the environment but
where data indicate CoC concentrations are above the RBSL s and further assessment is needed. Ground-
water travel times are caculated from the monitoring well closest to the exposure point that contains
concentration of CoCs above the RBSLs.

Prioritization/classfication is an on-going process based on available information. Releases may be re-
classified subsequent to abatement, further assessment information, and remedid actions. Please see
Appendix A for the definitions of each class of the priority classfication system.

Typica release scenarios and response actions to diminate any immediate threat are provided in Table
2. Emergency Action to diminate immediate exposure is required. The Underground Storage Tank Program
should be notified at (803) 898-4350 or, when necessary, and emergency can be reported directly to the
Emergency Response Program at 1-888-481-0125 or (803) 253-6488. Appropriate actions must be
implemented as soon as possible to diminate an immediate threst.



Table2
Potentid Initia Response Actions to Eliminate Immediate Threet for Typica Release Scenarios

Scenario Potentid Initia Response
Explosive levels or concentrations of vapor are Evacuate occupants, begin abatement measures
present in aresidence or other building such as ventilation
Explosive levels are present in the subsurface Evacuate immediate vicinity, begin abatement
utility sysem measures such as ventilation
Free-phase product is present in significant Prevent further free-phase product migration,
quantities at ground surface, on surface water indtitute recovery, monitor vapor concentrations

bodies, or in utilities
An active water supply wdll, water supply line, or | Notify users, provide dternate water supply,

apublic water isimpacted or immediately treat water point of use

threatened

A sengtive habitat or sendtive resources are Minimize extent of impact by containment

impacted measures and implement habitat management to
minimize exposure

STEP3-TIER1EVALUATION

Data obtained from a Tier | Assessment (former SLA) requires three sub-steps to complete the Tier 1
Evaduation: 1) comparison with the RBSL, 2) the development of a Site conceptud exposure modd, and 3)
identification of data required to characterize the complete and potentia pathways identified in the Ste
conceptua exposure modd. A complete exposure pathway exists where a mechanism alows a receptor to be
exposed to the CoC.

Data obtained from an IGWA alows comparison of CoC concentrations to the soil and ground water
RBSLsto determine if additional a Tier 1 or Tier 2 evauation is required.

1) Comparison with RBSL

For aTier 1 Risk Evauation, it is assumed that dl exposure points are located in the source area.
CoC concentrations should be compared with the vaues provided in the RBSL Look-Up Tables in Appendix
B for the ground-water ingestion, soil leaching to ground water, vapor inhdation, and soil ingestion pathways.
For other chemicals of concern not included in Appendix B, the RBSLs may be caculated based on a
carcinogenic risk of 10 ° and a hazard index of 1. Asthe toxicity of Total Petroleum Hydrocarbon (TPH)
andyses cannot be quantified, it cannot be used in the risk decison making process. Each CoC is evauated
separately for each exposure route as SCRBCA does not consider the additive effect of risk from different
CoCs and different routes of exposure.

Representative concentrations of CoCs in affected media are determined by the following:

Air: The maximum CoC vapor concentration obtained during the most recent sampling event
should be used. Historical sampling events can be used to establish trends.
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Ground Water: The maximum CoC concentration obtained during the most recent sampling
event should be used. Higtorical sampling events can be used to establish trends.

Soil: The maximum CoC concentration obtained during the last sampling event should be
used for the ingestion and dermd contact pathways. For the soil leaching to ground water
pathway, the average of two soil sample results with the highest non-zero concentrations from
each source will be compared with RBSLs.

2) Site Conceptual Exposure Model

A ste conceptud exposure modd uses information about the following to identify al complete and
potential exposure pathways.

Rdease information:

Pertinent release information may include, but is not limited to: the higtorica use of the
property where the rel ease occurred, the gpproximate age of the release, and the properties
of the CoC (e.g., solubility, voldtility) that were released.

Characteristics of the dte:

Pertinent Site characterigtics may include, but are not limited to: the soil type, depth to ground
water, bulk dengty, porosity, water content, hydraulic gradient, ground-water flow direction,
seepage velocity, fractiona organic carbon and the physica distribution of each CoC around
the source.

Proximity of potentia receptors and their characteristics:

The congtruction specifications (e.g., depth, diameter, and materid of construction of a storm
sewer) of al potentia man-made receptors should be identified.

Location of al natura receptors (e.g., rivers, lakes, marshes, etc.) within 1,000 feet.
Current land use of dl affected properties.

For each property that isimpacted, may potentialy become impacted, or is adjacent to a
potentidly impacted property, the current land use should be identified (e.g., vacant lot,
restaurant, school, residence, factory).

Applicable zoning or land use ordinances.

Thelocd city or county adminidirative authorities should be contacted for information
pertaining to any redrictive zoning and land use ordinances. Zoning ordinances set broad-scale
restrictions on property development such asresidentia, commercid, or indudtria. Land use
ordinances may establish smdler scde restrictions such as disalowing the ingtdlation of
drinking weter or irrigation wells. A photocopy of the gpplicable sections of the ordinances

1



should be provided. If a copy cannot be obtained, the ordinance number and the name, phone
number, and business address of the appropriate city or county authorities should be provided
with the rlevant information.

Based on the estimated age of the release, known distribution of the CoCs, and the potential for
migration, al complete and potentia exposure pathways should be identified and summarized for land use
(current and future conditions). For example, drinking water wells may not currently exist but ground water
may reasonably become a source of drinking water. The following potentia exposure pathways should be
consdered for evauation:

Air
- inhdaion of ambient vapors
- explosive hazard

Surface Water (eg., lake, river, stream, ditch, marsh)
- ingegtion
- dermd contact
- voldileinhdation

Ground Water
- ingegtion
- dermd contact
- volaileinhdation

Surficial Soil (impacted soil located <3 feet below land surface or exposed at surface)
- ingegtion
- dermal contact
- volatile inhaaion
- leaching to ground water

Subsurface Soil (impacted soil located >3 feet below land surface)
- ingestion (during excavation)
- dermd contact (during excavation)
- volatile inhdation (during excavetion)
- leaching to ground water

Exposure routes and pathway summarization for the site conceptua modd are shown in Tables 3 and 4.
3) I dentify Data Requirements

For each complete or potentia exposure pathway identified in the Ste conceptud modd, identify the
data necessary to characterize the migration potentiad dong the pathway and to quantify the potentia impact.
For example, if the accumulation of vaporsin a utility is a concern, datamay be appropriate to characterize the
transport of the CoC from the source to the utilities via ground water, the extent of volatilization from the
ground water, the transport of vapors from the ground water to the utility, and the construction specifications
(materid of congtruction and types of sedls) of the utility. These data requirements would then become an
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integral part of aTier 1l assessment. The Site conceptud model format for various media of exposure should
be summarized in Tables 3 and 4.

STEP4-TIER1ACTION

Oncethe Tier 1 evauation or Tier | assessment (former SLA) is completed, three decison options are
available for consideration based on the CoC concentrations:

1) No Further Action

If the representative concentrations (please see step 3 for an explanation of the representative
concentrations) of the CoCs are below the RBSLs, further assessment and/or cleanup is not necessary. Please
see the no further action option in Section I11.

2) Emergency Action

Typicd release scenarios and response actions to diminate any immediate threet are provided in Table
2. Emergency Action to diminate immediate exposure is required. The Underground Storage Tank Program
should be notified at (803) 898-4350, or when necessary, an emergency can be reported directly to the
Emergency Response Program at 1-888-481-0125 or (803) 253-6488. Appropriate actions must be
implemented as soon as possible to diminate an immediate threst.

3) Tier 11 Assessment

If the concentrations of the CoCs are abovethe RBSLs, aTier 2 investigation using a Tier Il
Assessment (former Rapid Assessment) iswarranted under the following conditions:

If the SSTL developed under the Tier 2 investigation are anticipated to be significantly
different from the Tier 1 RBSL (concentration of CoC exceedsthe RBSL but it is predicted
that the use of ste-gpecific datawill dlow different Ste-specific cleanup goasto be
determined);
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Table3

Site Conceptua Moddl - CURRENT LAND USE

Media Exposure Route Pathway Selected for Exposure point or Data Requirements
(for exposure) Evaluation? (Yesor No) | Reason for Non-Selection | (IF pathway selected)

Air Inhalation Yes No
Explosion Hazard Yes No

Ground-Water | Ingestion Yes No
Dermal Contact Yes No
Inhalation Yes No

Surface Water | Ingestion Yes No
Dermal contact Yes No
Inhalation Yes No

Surficia Sail Ingestion Yes No
Dermal contact Yes No
Inhalation Yes No
Leaching to Yes No
Ground-Water

Subsurface Ingestion Yes No

Sail
Dermal contact Yes No
Inhalation Yes No
Leaching to Yes No
Ground-Water
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Table4

Site Conceptua Modd - FUTURE LAND USE

Media Exposure Route Pathway Selected for Exposure point or Data Requirements
(for exposure) Evaluation? (Yesor No) | Reason for Non-Selection | (IF pathway selected)

Air Inhalation Yes No
Explosion Hazard Yes No

Ground-Water | Ingestion Yes No
Dermal Contact Yes No
Inhalation Yes No

Surface Water | Ingestion Yes No
Dermal contact Yes No
Inhalation Yes No

Surficia Sail Ingestion Yes No
Dermal contact Yes No
Inhalation Yes No
Leaching to Yes No
Ground-Water

Subsurface Ingestion Yes No

Sail
Dermal contact Yes No
Inhalation Yes No
Leaching to Yes No
Ground-Water
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If the cost of remedia action to reach RBSL will likely be greater than Tier 2 evauation (data
collection, analys's, review, etc.) and subsequent remedid action; and

The gpproach or assumptions used to derive the Tier 1 gods are not appropriate for
conditions a the Ste.

STEPS5-TIER I ASSESSMENT

If Tier 11 assessment is warranted to fully evauate the current and future exposure pathways identified
in the site conceptud model, a Tier 11 Assessment (former Rapid Assessment) Plan to conduct a Tier 2
evauation should be submitted.

A Tier I Assessment includes:

determination of the site-specific hydrologic conditions;

determination of horizontal and vertical extent of each CoC above the RBSL, as gppropriate;
determination of changesin concentrations of each CoC over time (i.e,, increasing, stable, or
decreasing with time);

determination of concentrations of each CoC measured a exposure points (e.g., in anearby
drinking water well, vapor concentration of nearby utilities); and

evauation of fate and transport of each CoC.

Additiona Ste assessment may be required to fully evauate the current and future exposure pathways
identified in the Tier 1 evaduation. The Tier [I Assessment (former Ragpid Assessment) document outlines a
comprehengve Ste assessment gpproach for obtaining the additional information necessary for aTier 2
evauation.

STEP6-TIER2EVALUATION

The Tier 2 risk evauation consigts of three sub-steps: 1) establishing exposure point(s), 2) establishing
the ste-specific points of compliance, and 3) caculating the corresponding SSTL for each CoC for identified
points of compliance and verification.

1) Establish the exposur e point(s)

An exposure point is that point a which it is assumed that a receptor (either actual or potential) can
currently or in the future come in contact with the CoC.

Exposure points may include, but are not limited to:

private and public water supply wells,
irrigation wels,
surface water bodies (e.g., lakes, streams, rivers);
sengtive habitats (e.g., wetlands, fisheries, shdllfish aress); and
- underground utilities, building basements, etc.
All current or future exposure pathways should be considered for each CoC.
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An exposure pathway is the course that the CoC takes from the source to a receptor. To determine if
the pathway is complete, the Tier 2 Risk Evauation must provide sufficient information to identify the source
and the trangport mechanisms to the exposure point. For example, if a CoC reaches an underground utility, the
congruction materid (e.g., PVC, ductileiron, etc.) of the underground utility and the types of seds (eg., glue,
neoprene, etc.) at the pipe couplings should be identified and used to determine if a potentia exigts for the
CoC to enter those lines resulting in an exposure to the receptor. For a given medium and exposure route, if a
risk does not exist for a selected pathway then the exposure point should not be further evaluated.

For the ground water ingestion pathway, the exposure point must be established based on current and
reasonably anticipated future use of the ground water. Table 5 gives examples of exposure points for various
possible situations. Please refer to STEP 3 (pages 9 & 10) Site Conceptual Exposure Modd for details on
how to identify if the adjacent property is a possble exposure point.

2) Establish Point(s) of Compliance

A point of compliance is alocation salected between the source area (area of maximum
concentrations) and the exposure point where the concentration of each CoC must be at or below the
Compliance Point Concentration (CPC). Typically the CPC is between the SSTL at the source areaand
RBSL applied at the exposure point.

Points of compliance should be established down gradient of the source area but hydraulicaly up
gradient of an exposure point. At least one point of compliance must be located between the source areaand
the exposure point for each completed pathway, with aminimum of one year travel time for the CoC from the
point of compliance to the exposure point. Additiona point(s) of compliance are necessary where complex
hydrogeologica conditions exist that may control CoC migration.

When egtablishing point(s) of compliance the following factors must be considered:
locations of current receptors,
locations of potentia receptor(s);

current and projected land and resource usage; and
veocity of the CoC in soil, ground weter or airr.
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Table5
Choice of Exposure Points

Site gatus Down gradient offste property | Exposure Point should be| Figure
gatus located

Actud or potentid source of water | Source of water or not At source area 2a

Within theradius of influenceof a | Source of water or not At the edge of thewdl’s 2b

pumping well radius of influence

No Exposure Point on the property | Off Steisasource of water Closest offgte property 2c
boundary

No Exposure Point on the property | OffSteis not a source of water | Hydraulically up gradient 2d
of apotentia receptor

Figure2a Figure2b

Area of
Influence
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3)  Egablish the SSTL

Site-gpecific target levels should be established for each CoC and each particular pathway identified in
the site conceptual mode based on the spatia and tempord (both measured and predicted) attenuation of the
concentration of each CoC above the RBSL. All possible scenarios must be evaluated during this process
utilizing ample fate and trangport models. Input data can be limited to Ste-specific data attainable through
dandard industry practices. All assumptions must be listed and fully explained.

The following steps should be followed to complete the Tier 2 evauation:

a) For the soil leaching to ground water pathway, the SSTL for soil can be caculated using the
leachability modd provided in Appendix C. Following the method described below, it may be gppropriate to
first calculate the SSTL for the ground water pathway before using the leachability modd. The soil SSTL must
be protective of the estimated SSTL for ground water.

b) For the ground water ingestion pathway, there are two methods that can be used to estimate the
reduction of CoC in the saturated zone: 1) using empirical dataand ii) mode's implemented with Ste-gpecific
data.

i) In a case where the CoC plumeis shown to be stable or shrinking (by monitoring deta),
empirica data can be used to gpproximate the Concentration Reduction Factor (CRF) of the
CoC in the rdlevant medium from the source to exposure point. For example, if the
concentration of benzene in source areais 100 micrograms per liter (mg/L) and the actud
measured non-zero concentration in the most down gradient monitoring well is 10 micrograms
per liter (mg/L), then benzene has been documented to be reduced by afactor of 10 (i.e, the
CRFis10). The SSTL = RBSL X CRF. Since the ground-water RBSL for benzeneis5 ng/L
to be applied at the exposure point, the SSTL for ground water to be met at the source areais

(5 mylL * 10) =50 nylL.

i) Fate and trangport models can aso be used to caculate the SSTLs. SSTLs aretypicaly
caculated by cdibrating the modd using actud measured Ste-gpecific data and then,
increasing or decreasing the concentration in the source area until the concentration at the
receptor will not exceed the RBSL. Appendix D describes the Domenico’'s model. For sites
with ste-gpecific conditions that may warrant a more complex anays's, it may be appropriate
to utilize computer models such as Bioscreen, Solute, AT123D, Bioplume I, and other
gpplicable models to cadculate the SSTLs. All assumptions made must be vaid and the input
parameters, dong with explanation for their choice, must be provided with the modeing
results.

For other chemicds
c) InaTier 2 evauation, SSTLsfor the derma contact, soil and ground water ingestion and vapor

inhalation pathways shall be based on a carcinogenic risk limit of 10° and a hazard index of 1 for non-
carcinogens to be gpplied at the exposure point. Each chemical is evauated
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separately for each exposure route as SCRBCA does not consider the additive effect of risk from different
chemicds and different routes of exposure. The State toxicologist will be consulted as necessary to provide
recommended exposure limits.

STEP7-TIER 2ACTION

Oncethe Tier 2 evauation is completed, three decision options are available for consideration based
on the CoC concentrations:

1) Monitored Natural Attenuation Action

If the representative concentrations (see STEP 3) of the CoCs are below the SSTLs, further CoC
delineation is not necessary. A CAP proposing a short-term (e.g., 18 months or less) monitoring program to
verify naturd attenuation should be submitted. The Corrective Action Guidance Document describes the
details of demondrating naturd attenuation.
2) Active Corrective Action

If the concentration of the CoCs are above the SSTLs and Tier 111 assessment is not considered an

appropriate option, corrective action to achieve Tier 2 SSTLs should be recommended. Free-phase product
must be removed to the extent practicable pursuant to R.61-92, Section 280.64.

3) Tier 111 Assessment

If the concentrations of the CoCs are abovethe SSTLs, Tier 3 evauation is warranted under the
following conditions.

If the SSTLs developed under Tier 3 evauation are anticipated to be sgnificantly different
than the Tier 2 SSTLs(i.e., concentrations of CoC exceed the SSTLsbut it is predicted that
the use of ste-specific biodegradation datawill alow different ste-specific cleanup godsto be
determined);

If the cost of remedid action to Tier 2 SSTL will likely be greater than Tier 3 evauation (data
collection, andlysis, review, etc.) and subsequent remedid action; and

The approach used to derive the Tier 2 godsis not appropriate for conditions at the Site.

STEP8-TIERIII ASSESSMENT

InaTier Ill, SSTLsfor the source area and the point(s) of compliance are devel oped on the basis of
more sophigticated Satisticd and CoC fate and transport analyses using site-specific input parameters for
appropriate exposure scenarios. Any additiona information required for site-specific modding efforts should
be proposed in aTier 11 Assessment (former RA) Plan.



STEP9-TIER 3EVALUATION

The Tier 3 evduation involves the use of more sophisticated mathematical modeds than those used in
Tier 2 (eg., computer anaytical models) or numerica ground-water modeling codes that predict time-
dependent dissolved CoC transport under conditions of spatidly varying permesbility fields to predict
exposure point(s) concentrations and to re-caculate SSTL s based on more site-specific data. Monte Carlo
models, which alow arange of fate and transport scenarios to be calculated, may aso be gppropriate. Less
consarvative Ste-gpecific exposure factors can be used in calculations for commerciad and indudtrid Stesif
pre-approved by the Department. All assumptions, methods and models must be submitted for pre-gpproval.

STEP10-TIER 3ACTION

Oncethe Tier 3 evaduation is completed, two decision options are available for consideration based on
the CoC concentrations.

1) Monitored Natural Attenuation (MNA) Action

If the concentrations of the CoCs are below the SSTLs, further CoC delinegtion is not necessary. A
CAP praposing a short-term monitoring program to verify naturd attenuation should be submitted. The
Corrective Action Guidance Document describes the details of demonstrating natura atenuation.

2) Active Corrective Action

If the concentrations of the CoCs are above the SSTLs, an active cleanup to achieve Tier 3 SSTLs
should be recommended.

STEP 11 - CORRECTIVE ACTION (ACTIVE OR MNA)

The sdlected active corrective action methodology must be designed to achieve SSTLsfor each CoC.
An appropriate monitoring program will be required to ensure that the target goal's continue to be met. Once
the SSTL for every CoC is achieved, a verification monitoring program to demondrate natura attenuation
should be implemented. Please refer to the Corrective Action Guidance Document for details. Departmental
approvas and/or permits are required for al CAPs, air and water discharges, underground injection, etc.
Detailed design specifications must be developed for ingtdlation and operation of above ground remediation
systems. All planned corrective actions, whether active or MNA, will be placed on public notice as required
by the SCUSTCR (R.61-92, 280.66) to dlow potentialy affected parties to participate in the corrective
action decison-making process.

STEP 12 - VERIFICATION MONITORING FOR MONITORED NATURAL ATTENUATION

During or following a corrective action, a compliance monitoring program may be required to ensure
that the target goa's continue to be met and the assumptions and predictions used in Tier 2 and 3 are verified.
In order to reach these god's, gppropriate monitoring parameters (organic and inorganic, as necessary),
frequency of monitoring, and monitoring methods will be established based on site-specific requirements.
Once monitoring data support the conclusion that the contaminant plume has reached equilibrium or is not
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moving a asgnificant rate; that concentrations of CoCs are not increasing; that no unacceptable to risk to
human hedth, safety, or the environment exigts, and that the CoCs will naturaly attenuate over time, no further
action under SCRBCA is necessary.

STEP 13- NO FURTHER ACTION DECISIONS

No further action (NFA) decisonswill be issued by the Department for underground storage tank
releases where additiond site rehabilitation actions are not required. An NFA isissued where each CoC for
soil, vapor or ground water has decreased to the RBSL.

A Conditiond No Further Action (CNFA) may be issued upon the Department’ s concurrence that the
petroleum CoC concentrations are less than SSTLs but Hill greater than the RBSLs. Such decisions can be
reached only when verification monitoring documents that naturd atenuation istaking place, and that no risk
to human health or environment will result. For example, if concentrations of CoCs are present but below
SSTLsin the ground water in areas where human consumption is prevented by loca ordinances, then no
further actions are necessary and a CNFA may beissued. Again, this decision is based on the demondtration
that the release does not pose arisk to human hedlth or the environment. The Department’s CNFA decision
will be issued in writing to the owner/operator and dl assumptions and conditions will be outlined (eg., the
ground water should not be used for consumption). A registry of releases will be maintained in the SCODHEC
Freedom of Information office to assst the public and document the status of release(s). Thisregistry will
identify the location of the UST release, the affected property (or properties), and the assumptions and
conditions of the CNFA.. If the Owner/Operator provides information to support that the concentrations
associated with the release are at levels below risk-based screening levels for al the CoCs of concern at a
facility where a CNFA has been issued, then the release will be given aNFA.
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SCRBCA Site Priority Classification System

Sites are placed in Classfication 1 if:

- an emergency Stuation exists

- afire or exploson hazard exists

- vapors or free product exists in a structure or utility

- concentrations of CoC have been detected in a potable water supply or surface water supply intake
- free product exists on surface water

- CoC exist in surface water

Stesare placed in Classfication 2 if:

Classfication 2a

- adgnificant near term (O to 1 year) threat to human hedth, safety, or senditive environmenta receptors
exigs

- potable supply wells or surface water supply intakes are located < 1 year ground water travel distance
downgradient of the source area

Clasdfication 2b:

- free product existsin a monitoring well at a measured thickness > 1 foot

- potable supply wells or surface water supply intakes are located < 1000 feet
downgradient of the source area (where ground-water velocity datais not available).

Stes are placed in Classfication 3if:

Clasdfication 3a

- ashort-term (1 to 2 years) threat to human hedlth, safety, or sengitive environmenta receptors exists

- potable supply wells or surface water supply intakes are located > 1 year and < 2 years ground-water
travel distance down-gradient of the source area

- sendtive habitats or surface water exist < 1 year ground-water travel distance downgradient of the
source area and the ground water discharges to the sensitive habitat or surface water
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Classfication 3b:

- free product exists in amonitoring well at a measured thickness > 0.01 foot

- concentrations of CoC above the RBSL have been detected in a non-potable water supply well

- hydrocarbon-containing surface soil (< 3 feet below grade) exists in areas that are not paved

- senditive habitats or surface water used for contact recreation exist < 500 feet downgradient of the
source area (where ground-water velocity and discharge location data are not availaole).

- the siteis located in a sengtive hydrogeol ogic setting, determined based on the presence of fractured or
carbonate bedrock hydraulically connected to the impacted aquifer

- ground water is encountered < 15 feet below grade and the Site geology is predominantly sand or gravel

Stesare placed in Classfication 4 if:

Clasdfication 4a

- along term (> 2 years) threat to human hedlth, safety, or sengitive environmental receptors exists

- potable supply wells or surface water supply intakes are located > 2 years and < 5 years ground-water
travel distance downgradient of the source area

- non-potable supply wells are located < 1 year ground water travel distance downgradient of the source
area

Clasdfication 4b:

- free product exigts as a sheen in any monitoring wells

- non-potable supply wells are located < 1000 feet downgradient of the source area (where ground-
water velocity datais not available)

- the ground water is encountered < 15 feet and the Site geology is predominantly st or clay

Stesare placed in Classfication 5if:

- there is no demongtrable threat, but additional data are needed to show that there are no unacceptable
risks posed by the site

- assessment data for the Site indicate concentrations in some samples are above the RBSL or SSTL, as
gppropriate, and further assessment is needed

- assessment data for the Ste indicate concentrations in samples are below the RBSL or SSTL, as
appropriate, but the samples are determined not to be representative; therefore, further assessment is
needed
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Risk Based Screening L evel L ook-Up Tables

The RBSLs for CoC in ground water are based upon the maximum contaminant levels (MCL) or hedth
advisory concentrations and Hedth Advisory concentrations, published in the Environmental Protection Agency’s
Drinking Water Regulations.

**

TableB1
RBSL'S for Ground Water
Chemical of Concern Concentration
Benzene 5nmylL
Toluene 1,000 nyL
Ethylbenzene 700 ny/L
Xylenes 10,000 ny/L
Totd PAHs % 25 nylL
MTBE 40 nylL
Naphthaene (includes methyl ngphthaenes) 25 nylL
EDB o 0.05 nglL
Lead e 15 nglL
Arsenic ** 50 nglL
Barium ** 2,000 nylL
Cadmium ** 5nylL
Tota Chromium ** 100 nylL
Mercury ** 2 nglL
Sdenium ** 50 nylL
Slver ** 5nylL

In caculating SSTLsfor individud PAHSs (Benzo(a)anthracene, Benzo(b)flouranthene, Benzo(k)flouranthene,
Chrysene, and Dibenz(ah)anthracene), please use an RBSL of 10 ng/L for each CoC.

UST system wasin operation prior to 1991.

For waste oil UST releases only.
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A recent study by the University of South Carolina (Bene & Gribb, 2000) has concluded that the soil
leachability model, as presented in the SC RBCA (1998) may not be applicable when separation distance isless than 8
fet. It has aso been determined, from previous studies by the University of South Carolina (Gribb, 1998 and Gribb &
Bene, 1999) and the field data available with SCDHEC, that in the case of sand-rich soil, the RBSLs did not
sgnificantly change a various separation distances (Table B3 in SCRBCA, 1998). The Chemicds of Concern from
petroleum releases readily leach to groundwater in sand-rich soils and continue to be present despite large separation
distances. Therefore in the case of sand-rich soil, only one set of RBSLs shdl be utilized for al separation distances.
These vaues have been ca culated based on the groundwater RBSLs and are shown in the Table B2 below.

In the case of clay-rich soil, the RBSLs of the CoCs were reca culated using a more conservative DAF value of 1. For
separation distances less than 10 feet RBSL s were reca culated based on the ground water RBSLs. The input
parameters used for the leachability calculations are shown in Table B3 and the RBSLs are show in Table B4 below.

Table B2

RBSLsfor Sandy Soil determined based on groundwater RBSLs (Table B1).

Chemical of Concern RBSL (mg/Kg)
(for all separation distances)
Benzene 0.007
Toluene 1.450
Ethylbenzene 1.150
Xylenes 14.500
Naphthalenes 0.036
Benzo(a)anthracene 0.066 -
Benzo(b)flouranthene 0.066 -
Benzo(k)flouranthene 0.066 -
Chrysene 0.066 -
Dibenz(a,h)anthracene 0.066 -

Limits are increased to levels above the calculated values to reasonably
attainable reporting limits.
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Input parameters used to derive RBSL s for the clay-rich (40% clay and 20% sand) SOil.

TableB3

Parameter Assumed Value
TPH —total petroleum hydrocarbons 1,000 mg/Kg
FOC — tota organic carbon 100 mg/Kg
H., - average annual recharge rate 25 cmiyr
ty, - biodegradation half-life period see Table C2
Ko - Organic/water partitioning coefficient see Table C2
N - porosity 0.52
W, - residual water content 0.08
Bg - bulk density 1.30 g/cc
H; - wetting front suction head -65 cm
K - hydraulic conductivity 1.8E-5 cmi/s
DAF 1

Using the above conservative parameters as input to the Leachability mode (Appendix C), the RBSL table for

Clay-rich Sail is generated as shown in Table B4.
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Table B4

RBSLsfor Clay-rich Soil (mg/kg)

Separation Distance ® <10ft 10-15ft 15-20 ft 20-25 ft 25-30 ft >30 ft
~ Chemical of Concern

Benzene 0.003 0.008 0.037 0.187 1.010 5.665
Toluene 0.627 1.167 3.630 12.085 41.885 149.125
Ethylbenzene 1.551 6.168 76.950 1114.5 - -
Xylenes 13.010 22.495 61.250 176.800 529.000 -
Naphthalenes (includes 0.047 0.069 0.139 0.292 0.625 1.350
methyl naphthalenes)

Benzo(a)anthracene 0.066* - - - - -
Benzo(b)flouranthene 0.066* 7439.0 - - - -
Benzo(k)flouranthene 0.066* - - - - -
Chrysene 0.066* 13.099 59.800 298.550 1573.000 -
Dibenz(a,h)anthracene 0.066* - - - - -

Note:  Separation Distanceis measured from the depth of thewor st case soil sampleto thetop of thewater table.
* Limitsareincreased to levelsabove the calculated valuesto reasonably attainable laboratory reporting limits.

Indicatesthat the values ar e above satur ation levels
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All vauesin Tables B5 and B6 were obtained from the EPA Region |11 Risk-Based Concentration Table (April 2000).

RBSLsfor Inhaation of vapors

TableB5

Chemica of Concern RBSL (mg/nt)
Benzene 0.22
Toluene 420
Ethylbenzene 1,100
Xylene 7,300
Methyl Tert-Butyl Ether 3,100

Note: RBSLsfor thePAHsarenot of concern because of their low volatility.

Table B6

RBSLsfor Ingestion or Derma Contact with Surficid Sail

Chemicd of Concern Resdentia Indudtria
(mg/kg) (mg/kg)

Benzene 12 100
Toluene 16,000 410,000
Ethylbenzene 7,800 200,000
Xylene 160,000 4,100,000
Methyl Tert-Butyl Ether 390 10,000
Naphthalenes 3,100 41,000
Benzo(a)anthracene 0.88 3.9
Benzo(b)fluoranthene 0.88 39
Benzo(k)fluoranthene 8.8 39
Chrysene 88 390
Dibenzo(a h)anthracene 0.088 0.39
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L eachability M odd for Petroleum Contaminated Soils

The following gpproach is provided to determine whether leachates from petroleum contaminated soils will
migrate to ground water and to determine Site Specific Target Levels (SSTLs) for cleanup of impacted soil. If ol
concentrations are above the Risk Based Screening Levels (RBSLs) the soil leachability modd can be used to
determineif soil remediation is necessary. The modd utilizes a series of mathematical equations that quantify contaminant
partitioning, transport, degradation, and dilution processes. Please note that the L eachability Modé should be
used only when the separation distanceis morethan 8 feet.

Data Acquisition

Proper gpplication of thismodd requires complete delinegtion of the horizontal and vertica extent of impacted
s0il and the andysis of representative soil samples. The Tier | Assessment (former Standard Limited Assessment)
guidance document provides guiddines for the number and locations of soil samples to be collected around the tanks,
lines, and dispensars at atypicd underground storage tank facility. If the horizontd and verticd extent of impacted soll
has not been completely delinested during the Tier | assessment, additional samples should be collected during the Tier
I Assessment (former Rapid Assessment). A complete soil assessment should include:

A. Ingtalation of soil borings as explained below. No boring should be advanced below the water table.

1. Soil borings shall be advanced to the ground water * in the area occupied by the former or existing
underground storage tanks, piping, and dispensers.

2. Soil borings shdl be advanced to the ground water * adjacent to impacted borings to complete the full
delineation.

3. Background Soil Boring : One soil boring shdl be ingtdled to a depth of 10 feet or to the ground water
table, whichever is shdlower, and a least thirty feet away from any USTs, product lines, dispensers,
and other potentid sources of CoC. If the dteistoo smdl to dlow a separation of thirty feet, this soil
boring shall be ingaled asfar away from al USTSs, product lines, dispensers, and other potentia
sources of CoC as possible. The soil sample must be collected from below the A-horizon unlessa
shdlow water table precludesthis.

*  |If the field screening results indicate that petroleum impact does not extend to the water table, the boring
may be terminated after three consecutive clean split-gpoon samples at five-foot intervals for the Tier | and Tier
I Assessments or a boring to a depth of 50 feet for an Initid Ground Water Assessment. A soil sample shdl be
collected from the termination depth of that boring to verify the vertica extent of impacted soil. A second
sample shdl be collected from the depth interval that exhibits the highest concentration of impact. Both samples
shdl be analyzed by a South Carolina certified laboratory for appropriate CoC.

B. The lithology for each soil sample collected during boring ingtdlation shal be appropriatdy described. Samples
shall be screened for organic vapors utilizing properly calibrated instruments. For other less volatile chemicals
such asdiesd or kerosene, dternative screening methods (e.g., fiddd GC, immunoassay, etc.) can be used.

C. The soil sample from each boring around the USTS, piping, and dispensers shdl be submitted to a Department
certified laboratory for andyses asfollows:
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. The sample (from each boring) with the highest organic vapor measurement shdl be submitted to the
laboratory for analyss. If the organic vapor measurements for al samplesin aboring are within ten percent
of each other, the sample from the greatest depth above the water table shal be submitted for andysis.

. The samples (one from each soil boring) submitted to the laboratory shdl be analyzed for the appropriate
CoC using the methods as listed below.

TableC1
Reporting limits and suggested andlytical methods for soils

Product CoC Suggested Method Method Detection Limits
Gasoline, BTEX 8260B- 1 ny/Kg
Died, Total Naphthaenes 8260B- 5 ngy/Kg
Fud Qll, Other PAHs 8270C* 66 Nny/Kg
Kerosene
L eaded Lead 6010B or 7421 5 ng/Kg
Gasolinen
Waste or Metas AA or ICP* 10 ny/Kg
Used Ol TPH 9071* 10 mg/Kg

BTEX - Benzene, Toluene, Ethylbenzene, Xylenes

Others PAH - Benzo(a)anthracene, Benzo(b)flouranthene,

Benzo(k)flouranthene, Chrysene, Dibenz(a,h)anthracene

Metals - Arsenic, Barium, Cadmi um, Chromium, Lead, Mercury,
Selenium, Silver

AA - Atomic Absorption
ICP - Inductively Coupled Plasma

UST Program does not alow any equivaent methods for 8260B method.

* An equivaent method that can achieve the same method detection limits may be subdtituted.
Please refer to the andytica methodology guidance document (SCDHEC, 2000)

N If tanks were in operation prior to 1991.
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3. Inaddition to the andlyses listed above, soil samples shdl be collected from the soil boring with the highest organic
vapor measurement as follows:

a. One soil sample shall be collected from the terminus of the boring (above the
ground water table). This sample shall be submitted to alaboratory for a grain size and
hydrometer analysisto determine the sand, silt, and clay fractions at 0.074 millimeters
(#200 screen) and 0.004 millimeter srespectively.

b. One soil sample shall be callected from the Sratigraphic level exhibiting the highest organic
vapor measurement (above the ground water table). This sample shall be analyzed for Tota
Petroleum Hydrocarbons (TPH) using EPA Method 3550B/8015B.

4. The soil sample collected from the background soil boring shdl be andlyzed for totd organic carbon (fo.) utilizing
EPA Method 415.1 or an EPA approved equivaent. The presence of calcareous soil shal be noted for possible
andyticd interferences. The presence of stained soil, peat beds, unusually high organic content, or other unusua
conditions shall aso be noted.

All soil borings must be properly abandoned pursuant to the South CarolinaWell Standards and Regulations R.61-71.
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SOIL LEACHABILITY MODEL INPUT PARAMETERS

Thefollowing input parameter s are needed to utilize the equations. Formsfor site specific input

parameter s and calculated results are provided which can be used to summarize the pertinent soil

leachability input data, results and conclusions.

The following equations are valid for:

5% < Sand < 70%
5% < Clay < 60%

For sedimentsthat are outside these ranges, the nearest maximum or minimum values should be

used.

Bad

Cibs

Cs

Cast

Hi

K

Ko

Bulk density is defined as the weight of oven dry soil divided by the totdl volume of soils (solids
+pores). Based on the grain size distribution, Bd can be estimated from Figure C3.

Risk based Screening L evel (mg/L) for CoC in ground water. If gppropriate, this can be substituted
by the site specific target level for the CoC in ground weter.

Concentration of CoC (mg/Kg) in soil.
Site Specific Target L evel (mg/Kg) for chemicd of concern in sail.

Thenatural organic content (mg/Kg) of uncontaminated background soil, typicaly determined by
anadysis of tota organic carbon (TOC) by EPA Method 415.1. Naturaly occurring TOC vauesin
uncontaminated "B" and "C" horizon soils usudly range from 100 to 1000 mg/Kg.

The Henry's Law Congtant (mg/l)/(mg/l) relates the partia pressure of a gas and its corresponding
solubility in weater at a given temperature. Some averaged vaues for typical petroleum condtituents are
provided in Table C2.

The wetting front suction head (cm) is the pressure head at the wetting front as it advances
downward. Critical pressure head is dways negative. Based on the grain size distribution, Hy can be
estimated from Figure C5.

Average annual rechar ge (precipitation minus evapotranspiration and runoff). Assume 25 centimeters
unless additiona information is available.

Soil hydraulic conductivity (cm/s). Based on the grain size distribution, the field saturated hydraulic
conductivity in the vadose zone can be estimated from Figure CA4.

The soil/water partitioning coefficient (ml/g) is compound specific and provides an indication of the
tendency of CoC to partition between particles containing organic carbon and water. Some averaged
vauesfor typicd petroleum congtituents are provided in Table C2. Please note that the valuesin Table
C2 are mogt applicable for soils containing an foc value> 1%.
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W,

b,

The separ ation distance (cm) between the depth of the soil sample exhibiting the highest concentration
of CoC and the measured water table. For example, if the soil sample with the highest concentration of
CoC occurred at 10 feet below land surface (bls) and ground water was encountered at 20 feet bls,
then L = 10 feet = 304.8 cm.

Porosity (decima %) isthe percentage of the rock or soil that isvoid of materid. Based on the grain
size digtribution, the porogty can be estimated from Figure C1.

Residual water content (decimd %) isthe weight of the water remaining in the soil divided by the total
weight of the soil sample. Based on the grain Size digtribution, the residua water content can be
estimated from Figure C2.

The biodegradation half-life period (days) of CoC. Thisis compound specific. Some conservative
vauesfor typica petroleum condtituentsin vadose zone under anaerobic conditions are provided in
Table C2.

TableC2
Chemical Specific Soil Data

CoC Koc ' H ty
(miig) (mg/)(mghl)’ (days)
Benzene 81 0.226 16
Toluene 133 0.301 22
Ethylbenzene 176 0.280 10
Xylene 639 0.278 28
Naphthalenes 1543 0.002 48
Benzo(a)anthracene 1,380,384 0.0002 679
Benzo(b)fluoranthene 549,541 0.0005 610
Benzo(k)fluoranthene 4,365,158 0.043 2,139
Chrysene 245,471 3.02x0™" 993
Dibenz(a,h)anthracene 1,659,587 3.05x 107 942

*

From Montgomery. J.H. et.al., 1991, Groundwater Chemicals Desk Reference. Lewis Publishers.

** From Howard, P.H. et.al., 1991, Environmental Degradation Rates, Lewis Publishers.
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Leachability mode caculations congst of the following equation sets. Each set condsts of severd steps that
should be used in caculating the different intermediate parameters.

Equation Set |
Determination of tota organic carbon and air filled porosity

Step 1

Tota organic carbon content () (unitless) of the sail is calculated using the following equation:

_ TPH
fcs - gafoc + 17243 10 )

where,

foc isthe natura organic carbon content (mg/Kg) of uncontaminated soil (see data
acquidition section).

TPH isthe Tota Petroleum Hydrocarbon (mg/Kg) by EPA Method 3550B/8015B.

1.724 isthe converson from organic matter to organic carbon fraction

1 x 10 isthe conversion from mg/K g to decimal %.

Step 2

Theair filled porosity (f ) (decima %) can be gpproximated using the following equation:
f=f -W,
where,

f isthe porogty (decimd %) from Figure C1.
W, istheresdua water content (decima %) from Figure C2.

Equation Set 11
Determination of the velocity of the soil pore water (V)

Step 1

Theinfiltration rate of water through soil under constant head conditions (Green & Ampt equation as
discussed in Bouwer, 1978) is determined. The result provides the time (t) it should take water to percolate
through the vadose zone soil (from the depth of the worst case soil sample to the water table at the Site).

af o, ¢ Ho - H I’|nHW+L HfudJ
erggL g ’:‘ (Hw-Hf EQQ



where

fistheair filled porosity of soil (decima %) caculated in Step 2 of Equation Set 1.

Kt isthefidd saturated hydraulic conductivity (cnv/s) which can be estimated from
Figure C4.

L isthe distance (cm) from the depth of the worst case soil sample to the water table.

H,, isthe average annua recharge (cm), default vaue = 25 cm.

H; isthe Wetting front suction head (cm) which can be estimated from Figure C5.

Step 2

Taking the above cdculated vaue for time (t) in seconds the velocity of the water (V) in
feet per year is cdculated usng the following equation:
e L 9,8815%10 0

Vw= : T
€30485 & t 5

where,

L isthe distance (cm) from the depth of the worst case soil sample to the water table.
t isthetime (s) required for water to travel distance L, caculated in Step 2.

Equation Set 111
Determination of the organic retardation effect (V) on the contaminant

Step 1

The soil/water digtribution coefficient (K 4) (ml/g) for uncontaminated soil is calculated using the following
equation:

Ka = Koo * foo *(1x 10°)

where,

K o isthe soil organic/water partitioning coefficient (ml/g) from Table C2.

foc isthe natura organic carbon content (mg/Kg) of uncontaminated soil (See data acquisition section).
1 x 10 isthe conversion from mg/Kg to decima %.

Step 2

The retardation effect of naturd soil organic matter on CoC migration is calculated using the following
equation:

Ve= aeB\(/JIvZk Kd g
1+¢— 9
e O g
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where

V. isthe CoC percolation rate (ft/yr)

V,, isthe water percolation rate (ft/yr) from Step 3 of Equation Set I1.
B4 isthe bulk dengity of soil (g/cc) from Figure C3.

K4 isthe soil/water digtribution coefficient (ml/g) caculated in Step 1.
f isthe porosty (decima %) from Figure C1.

Equation Set 1V

Determination of biodegradation rates and final CoC concentration (C,) in the soil pore water necessary to
protect ground water

Step 1
The following equation is used to caculate the time (days) required for the CoC to reach ground water using

_ 365*L
7 30.48* V.
where,

L isthe distance (cm) from the depth of the worst case soil sample to the water table.
V. isthe CoC percolation rate (ft/yr) as cdculated in Step 2 of Equation Set 111.

Step 2

CoC in the vadose zone are subject to severa degradation and attenuation processes. This equation
considers biodegradation in addition to the parameters of the previous equations. As atenuation processes such
as dilution and volatilization are not accounted for in this equation, an estimate of the concentration (C,,) (Mg/L)

of CoC in the soil pore water necessary to protect ground water is calculated.
where,

aac*0.693¢
| C = sstl —
0g(Cp) = log(Cew )+82,303*tuzg

Cowsl isthe Site-Specific Target Leve (mg/L) for CoC in ground water from groundwater fate and
transgport model or the Risk-based Screening Leve as appropriate.

T isthetime (days) for contaminant to percolate through the uncontaminated vadose
zone soil and reach the ground water as calculated in Step 1 of Equation Set IV.

ty.isthe biodegradation haf-life period of CoC (days) from Table C2.
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Equation Set vV
Determination of the Site Specific Target Levds for impacted soil

DILUTION/ATTENUATION FACTOR (DAF)

The Dilution/Attenuation Factor isaunitless number that expresses the magnitude of dilution and
attenuation which occurs after the leachate generated from the soil encounters ground water.

Utilizing aMonte Carlo modeling approach, arange of typicd Ste parameters were evduated by the
Department to determine appropriate Dilution / Attenuation Factors (DAF). Parameters that were considered
include: hydraulic conductivity, hydraulic gradient, ground water recharge rates, dimensions of the impacted sail,
and aquifer thickness. The following DAFs should be utilized as default vaues:

For Sandy Soail (hydraulic conductivity > 10 crm/sec) DAF=8
For Clay Sail (hydraulic conductivity < 10 crm/sec) DAF=2

SITE SPECIFIC TARGET LEVEL (SSTL)

Determine the Site specific target leve of the CoC in soil. Equilibrium contaminant partitioning between
sorbed and agqueous phases can be described by the following equation:

(Bd* Koc* fcs)+ Wr +f * H'
(Wr * 1g/cc+ Bd)

Cssi =Cp * DAF *

where,

Csw isthe Site Specific Target Leve (mg/Kg) for the CoC in soil.

C, isthe concentration of the CoC in soil pore water (mg/L) caculated in Step 2 of
Equation Set V.

DAF isthe Dilution/Attenuation Fector (unitless).

K o isthe Sail organic/water partitioning coefficient (ml/g) from Table C2.

fs isthe Tota organic carbon content in decima percent of the contaminated soil as
caculated in Step 1 of Equation Set |.

fistheair filled porosity (decima %) calculated in Step 2 of Equation Set 1.

W, istheresidua water content (decima %) from Figure C2.

1g/cc isthe density of weter.

B4 isthe bulk densty of the soil (g/cc) from Figure C3.
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L eachability Input Parameters

South Carolina Department of Health and Environmental Control

Bureau of Land and Waste M anagement - Underground Storage Tank Program

Site Data

Facility Name: UST Permit #

Input Parameters

Percent Sand in soil % 5% < sand < 70%
Percent Clay in ol % 5% < clay < 60%
DAF
Worst Benzene mg/Kg Cs
Case Toluene mg/Kg Cs
Sail Ethylbenzene mg/Kg Cs
Andyses Xylenes mg/Kg Cs
Naphthadene mg/Kg Cs
Other CoC mg/Kg Cs
Figure
Natural organic carbon content mg/Kg foc
TPH mg/Kg TPH
Porosity decimal %  f C1
Residua water content decima % W, Cc2
Bulk density of soil glcc By C3
Soil hydraulic conductivity cm/sec Ks C4
Average annua recharge cm Hw
Wetting front suction (negative number) cm H;¢ C5
Digtance from highest soil cm L
contamination to water table
Groundwater SSTL (or RBSL if appropriate) mg/L Cowssl
List possible human exposure pathways from soil:
lof _ pages
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L eachability Results and Conclusions
South Carolina Department of Health and Environmental Control

Bureau of Land and Waste M anagement —Underground Storage Tank Program
Site Data

Fecility Name: UST Permit #

Chemical of Concern (Benzene, Naphthaene, etc.) :
(Please use a separate form for each Chemical of Concern that exceedsthe RBSL in soil.)

Chemical Specific Data

Biodegradation hdf-life period days  ty, Refer to
Soil/water partitioning coefficient myL Ko Table
Henry’s law congtant H’ Cc2
Results
Equation Step
Set
Totd organic carbon content decimd %  f I 1
Air filled porosity decima %  f I 2
Infiltration time seconds t Il 1
Velocity of water ftiyr Vw [l 2
Soil/weter digtribution coefficient ml/g Kg " 1
CoC percolation rate ftiyr Ve " 2
Time to reach groundwater days T v 1
Concentration to protect mg/L Co v 2
groundwater
Site specific target leve mg/Kg Cssst \
Conclusons
Does concentration of CoC in soil exceed SSTL? Yes No
Risk of human exposure due to contaminated soil Yes No
__of __ pages
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APPENDIX D
DOMENICO’'sMODEL



Thisanaytica mode utilizes three dimensiond dispersion, seepage veocity, and biologica degradation principlesto
predict the spatial and tempora decrease in concentration of CoC away from the source.

Domenico’'s M odel

Contaminant transport in the saturated or the unsaturated zone can be estimated using the Domenico M odel.

The Domenico Modd (1987) is based on the following assumptions:

1)

2)
3)
4)
5)

One dimensiond flow and three dimensond (in two transverse directions and
one vertica - downwards direction) dispersion;

The medium isisotropic and homogeneous,

The source concentration is constant;

The ared source is perpendicular to the direction of flow; and

decay of the contaminant in the dissolved and adsorbed phases occurs at the same rate resulting in afirst order

decay rate.
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EQUATION 1

Thisisthe general form of the Domenico’'s Equation. I n this equation, the effects of thr ee-
dimensional dispersion, one-dimensional uniform flow in the x-dir ection are consdered. The sourceis

consdered to be a constant concentr ation (infinite-mass) ar eal sour ce of dimension Y and Z (as shown in the

Figure D1).

where

C, isthe Concentration of CoC at source (mg/l)

Y isthe width of source perpendicular to GW flow (m)

Z isthe verticd thickness of source (m)

x isthe distance from source to receptor (x-coordinate) (m)
y isthey coordinate of the receptor relative to source (m)
zisthe z coordinate of the receptor relative to source (m)
a isthelongitudina dispersvity (m)  (x/10)

a, isthetransverse dispersvity (m) (@ /3)

a istheverticd digperavity (m) (@ax/20)

v isthe contaminant velocity (m/s)*

erf isthe error function**

erfc isthe complimentary error function**

| isthefirst order decay rate (1/sec)***

t isthe time during which contaminant transport takes place (sec)

* If the CoC adsorbs, the contaminant velocity (v) is replaced by the retarded velocity (V/R), where R isthe

retardation factor in the saturated zone. The Retardation factor can be cd culated with the following equation:

Koc* Foc* Bd * :|.043

R=1+ -
@)
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where,

K o isthe chemica specific soil/water partitioning coefficient (ml/g) derived from literature.

foc isthe naturdly occurring organic carbon (mg/Kg) in soil measured inthe  saturated zone.
B4 isthe Bulk Dengty (gmv/cc).

f isthe porosty (decimd %).

** The Error Function and Complimentary Error Function are dimensionless numbers that can be derived from an erf
and erfc table. These tables can be found in many hydrogeology textbooks (e.g., Fetter, 1988) .

Please note that: erfc(x) = 1- erf (x); erf(-x) = -erf(x); and erfc(-x) = 1 + erf(x).

ok If the first order decay rates have not been determined on a site-specific basis, the decay rate (1 ) shall be
assumed to be 0. Site-specific  values can be evaluated on the basis of tempora and spatia variation of the CoCs.

EQUATION 2
If the receptor is not located aong the x-axis centerline, y and 20 and | = 0.
e (i:\ Y [;|u
ey éz+Z7Z u éz-Z w

uf |
“ierf a——y- ef a—7—
\/ yX T e \] ZX e2'\ ja X %

00, oS- ) )

i u

C(x,y,zt) =¢—+ erfca u}erfe—u
V88 GAml | 2wy

T e a e

EQUATION 3

Equation 3 should be used if the receptor is located dong the centerline (x- axis) and hydraulicaly down-
gradient of thesource. Inthat case,y=z=0and | =0.

3(x - vt) U € Y é Z U
C(x,0,0,t) = 85&9 erfcg( ,Vt)g*erf e——uef e—/——
29 €2+a xvt ( gdja yx g2+/a X ()

Vaiaion of aCoC with time is according to an exponentid relationship. Figure D2 shows the changein the
CoC concentrations for a source of C;=2 mg/L and with dimensions Y =10m, Z=3m, x=100m, and Vs=1E°m/s;| =0
/s. The concentrations for the time t=0 to 10 years were caculated and are tabulated as shown. Based on the graph, we
see that the CoC concentrations increase as the time increases, becoming asymptotic at avaue of 72.48 ng/L. From
this graph, it can be seen that the maximum concentration of 72.48 ng/LL can be reached at the receptor for the given
continuous source and hydrologica conditions after five years.
Data cdculated to be used in this example are given in the table below.
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Figure D2

Change in Receptor Concentration
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Time (years)

Time (Year) 01 02 03 04 05 06 07 08 09 10 20 30 40 50 60 70 80 9.0 100
CoC 0.16 10.7 32.6 50.6 61.6 67.4 70.2 715 721 723 724 72.4 725 725 725 725 725 725 725
Conc.(mlL)
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SSTL CALCULATIONS

Using the Domenico’s model, one can caculate the SSTL s for a given source and receptor configuration for each CoC.
Knowing the RBSL for a given receptor, the inverse of the Domenico’s equation can be used to calculate the SSTL.

The following equation can be used.

Cesil= 8*Crbd
e ,,[f eaxUj ¢ Yu & Y
’ 486 X%*erfgx 1+ Vv L'Ju*::erféy+ erf ey l1 1 fez+Zu ez le»'
VoA é 2Jaumt l;| ayX VayXu azxﬂ %
& H1 @& a & b

where
Cipbg iIsthe RBSL concentration for the selected CoC.

Figure D3 shows the change in the CoC concentrations for a source of Y=10m; Z=3m , x=100m, Vs=1E-5m/s
and | =0/s. The sour ce concentrations are calculated for at=0 to 10 years and are plotted as shown. Based
on the graph, we can seethat the CoC concentrations decr ease as the time incr eases, becoming asymptotic
at avalue of 137.98 my/L . From this graph, it can be seen that the minimum SSTL can be established to be at
a concentration of 137.98 np/L after 0.9 year. The data are given in the table below.

Source Concentration
C 1000.00
°
£ 2 1
£ S 500.00
v 2
c &b *———0—0—0—0—o—+—¢
8 0.00 T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0
Time (Year)
Figure D3
|Time (year) | 01 02| 03] 04 o5] 06| 07 08| 0.9 1.0 2.0[ 3.0 40| 50/ 60 7.0/ 80 9.0]10.0|
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CoC Conc.(ml) |

| 936] 306| 197| 162] 148| 142| 139| 138| 138| 138| 138] 138| 138| 138| 138| 138] 138| 138
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APPENDIX E
Soil Vapor Mode



Soil Vapor M oddl

In order to identify the amount of contaminant transported from the soil, dissolved liquid and free product phase to the
vapor phase, a soil vapor mode (modified from Hartman, 1998) is described below. Advection and gaseous diffusion
are consdered, and contributions from different phases are evaluated based on Fick’ s equation and assuming
equilibrium partitioning conditions.

From the field measurements of the CoC in soil and groundwater, and based on the presence of the free-phase
product in soil or above ground water, the soil vapor is estimated and this method can be used as a screening tool. The
caculated vapor vaues can then be compared with the inhalation of vapors pathway RBSL s to assess the vapor
concentrations a the UST facility and a protocol to monitor vapor can be developed.

Following equations ar e used in the development of this modd.

Fick’sfirs law:
* A * 3
Flux :De ACsg* 10
X
where,

Flux is the rate of movement of acompound per unit area (mg/hr-n).
D. isthe effective diffusion coefficient (mf/hr) in the vadose zone
DCg isthe CoC concentration gradient ((mg/L) in the soil vapor

X isthe depth below the surface (m)

Under equilibrium conditions the indoor air concentration Ci (nmg/n) due to a constant source can be derived using the
following equation:

C = Slab * Flux
" Height * E
Slab isthe dab attenuation factor (unitless)
Flux is the contaminant flux into the room (my/hr-n).
Height isthe room height (m)
E istheindoor air exchange rate (1/hr)

The soil vapor concentration Cg (mgy/L) from soil, dissolved phase and free product contamination is calculated using
the methods described below. For a detailed discussion see Hartman, 1998.

for Sail:

H * Csoit* Bd

—_ *13

CSQ i .
O + (K s* Ba) +(H' * &)




from dissolved contamination (without free-phase product):

ng = ng* H'

and from the free-phase product in soil or ground water:

Cooil isthe concentration of the CoC in soil (mg/Kg)

Cqw isthe concentration of the CoC in dissolved phase (ng/L)
By isthebulk density in (g/cc)

f \, isthe water porosity (unitless)

f ,isthe ar porosity (unitless)

H’ isthe Henry's Law Congtant (unitless)

Ko S0il weter partitioning coefficient in (ml/g)

Vp isthe CoC vapor pressure (atmosphere)

M W isthe molecular weighting of the CoC in g/mole

mf isthe molecular fraction of the CoC in the free phase product

RT isthe universal gas constant times temperature (22.4 ni./mmole at 0°C & 24 ni_/mmole a 20°C)

Totd soil vapor can be caculated by adding the above three values for soil, dissolved phase and free product
contamination, based on site-specific conditions. Once these values are caculated, they can be compared to the
RBSLsfor Inhaation of VVapors (Table BS). If the calculated vaues exceed the RBSLs, then a protocol to monitor the
vapor measurements a a facility should be included in the Site assessment plan.



APPENDIX F
REMEDIATION BY NATURAL ATTENUATION MODEL



Remediation by Natural Attenuation (RNA) MODEL

This section is added to help determineif the release can be successfully remediated using the natur al
attenuation of the CoCsunder the aquifer conditions. Using the site-gpecific input parameters collected by
fidd sampling, we can estimate the amount of the assmilative capacity of the aquifer and then thetime for
assmilation to complete. Thisisbased on Smple mass-balance réationship equations, which are given
beow.

RNA MODEL EQAUTIONS
Volume of the aquifer = X*Y*Z
Area of the aquifer extent = Y*Z
where,
X, Y and Z are the length, width and thickness of the source area (m)
Ka =Ko * foe *(1x 10°)

where

K o IS the soil organic/water partitioning coefficient (ml/g)

foc isthe natura organic carbon content (mg/Kg) of uncontaminated soil (see data acquisition section)
1 x 10 is the conversion from mg/Kg to decima %

The ar filled porogty (f ) (decimd %) can be approximated using the following equation:

f = f = Wr

where

f isthe porogty (decimd %)
W, isthe resduad water content (decimal %)
The concentration of liquid phase, C; (mg/L) is obtained by the equation:

Bd +Wr
(f * H'+Wr +Kd * Bd)

C =Cs*

where,

Cs isthe concentration of the CoC (mg/Kg) in sail.
By isthe bulk density of the soil (g/cc)

f istheair filled porosity (decimd %)

H' TheHenry's Law Congant (mg/l)/(mg/l)

W, isthe residua water content (decimd %)

F1



And the volume of theliquid Vo, (n?) and Mass of theliquid M ass, are obtained by equations:
Vol = Volume* W,
Mass = Vol * C;* 1000
The concentration of vapor phase, C, (L) is obtained by the equation:
C.,=C*H’
And the volume of the vapor Vol, (n?) and Mass of theliquid M ass, are obtained by equations:
Vol, = Volume* f
Mass, = Vol, *C,* 1000
The concentration of soil phase, C,i (M/L) is obtained by the equation:
Coil =C1* Kg
And the sorbed soil can be obtained by:
M asSgrb = Ceoil * Bg * Volume* 1000
Tota Mass of the CoC in dl three phases.
M assrota = Mass; + M ass, + M assqr
Infiltration Rate can be obtained by equation:
IR=X*Y*H,* 0.01
From which we can calculate the total mass of the CoC leaching to the groundwater :
Masswr=C; * IR * 1000

And thetimeit takes for thisto happen is.

Assimilative Capacity (mg/L)of the Aquifer based is given by:

_ Obs.Ferrous N Obs.Methane N DeltaD.O. N DeItaSquate+ DeltaNitrate

AC
21.8 0.78 3.14 4.7 4.9



Where,
Obs. Ferrous isthe observed ferrous iron concentration at the source area (mg/L)
Obs. M ethane is the observed methane concentration at the source area (mg/L)

Delta D.O. istheamount of upgradient Oxygen that exceeds the minimum Oxygen in the
source area (mg/L)

Delta Sulfate isthe amount of upgradient Sulfate that exceeds the minimum Sulfate in the source area (mg/L)
Delta Nitrate isthe amount of upgradient Nitrate that exceeds the minimum Nitrate in the source area (mg/L)
Totd liquid flow (liters'Y'r) through the aquifer in one yeer is given by:

Total Flow = Area* Vs* 1000
Where Vs is the seepage veocity (m/Yr)
Total Mass (mg) to be removed per year (Mg/Yr) can be obtained by:
Total Mass= Total Flow * Assimilative Capacity

Therefore, the Timefor Assmilation given by:

Total Mass
M ass removed per Year

Time of Assmilation =

F3
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